Reinjection of heat-depleted thermal water has long been in the center of scientific interest in Hungary regarding around 1000 operating thermal wells. While the physical and chemical aspects of reinjection have partly been answered in the past years, the effects of biological processes are still less known. We carried out our investigations in the surface elements of the Hódmezővásárhely geothermal system which is one of the oldest operating geothermal systems in Hungary. About one-third of the used geothermal water has been reinjected since 1998 by two reinjection wells at the end of the thermal loops. During the operation, plugging of the surface system was experienced within a few-day-long period, due to biological processes. The goal of our research was to find the dominant species of the microbial flora and to make a proposal to avoid further bacterial problems. We found that the reinjected, therefore the produced, water's chemical oxygen demand, phenol index, and BTEX composition basically determine the appearing flora on the surface. When the concentration of these compounds in the thermal water is significant and residence time is long enough in the buffer tank, certain bacteria can be much more dominant than others, thus able to form a biofilm which plugs the surface equipment much more than it is expected.
Introduction
To cope with humanity's growing energy demands, alternative and renewable energy sources are indispensable. The utilization of geothermal energy is only renewable if the wastewater is reinjected into the reservoir to maintain pressure and to dispose the heat-depleted fluid [1] [2] [3] [4] . Reinjection is an essential part when using geothermal energy, however not always trouble-free. In our research two, independent reinjection systems were studied in the Southern part of the Great Plain in Hungary. The motivation of our research was to find out why one of the two reinjection systems' surface filters was clogged much faster.
Background
From a geological point of view, the Carpathian Basin is a large sedimentary basin, the basement of which consists of variously subsided basins and horst-like blocks. The sedimentary formation environments vary from those from deep basins through prodelta and delta fronts to delta plains [5] . The thickness of Upper Pannonian sediments in the South Great Plain can reach 1800 m in the Makó-Hódmezővásárhely depression (Figure 1 ). This sequence started with a delta front and delta plain facies, which is the most important Upper Pannonian sediment from a hydrogeological point of view, and it followed with a deltaic background and alluvial plain facies. Despite the variable composition, the sedimentary basin system is considered to be hydraulically continuous [6] . The permeability of the Upper Pannonian reservoir, in case of highly permeable sand layers, in the Hódmezővásárhely region can reach 2000 mD; this corresponds to a hydraulic conductivity of 5-10 m/day [7] .
Hódmezővásárhely, located in the Southern Great Plain of Hungary, has one of the oldest operating geothermal systems in Central Europe (the first well was drilled in 1957), where the cascade system is supplying domestic hot water and heat to 3000 flats and several large communal buildings (city hall, schools, high schools, libraries, swimming pools and sport halls, etc.). The water is also used for medical purposes and balneotherapy at the local spa. The district heating system (that serves the city with almost 50000 inhabitants) is supplied by 3 wells which are producing fluid with 85-90 ∘ C temperature and are screened between 1800 and 2300 m. The domestic hot water is produced from 2 wells, screened between 1000 and 1300 m, with the temperature of 43-50 ∘ C. In order to maintain the reservoir pressure and to dispose the heat-depleted fluid in an environmentally friendly way, 2 reinjection wells were drilled ( Figure 2) .
The cascade system in the city comprises two geothermal loops for district heating with the annual production of 350000-420000 m 3 . About one-third of the used geothermal water has been reinjected since 1998 and additional one-third since 2008 by total two reinjection wells at the end of the thermal loops ( Figures 3 and 4) [10] .
In our research, two independent reinjection systems were studied as the part of the low temperature geothermal system in the city of Hódmezővásárhely. The surface elements of the reinjection system clogged much faster in case of the reinjection system number 2. According to the well's operator's experience and examination the plugging was not caused by inorganic substances, but organic components were discovered in unusual amount. Changing filters after water with a volume of few hundred m 3 flowed through, because of the increased workforce and material need, makes the reinjection costly and decreases the safety of the operation. Therefore, it is important to solve this problem, as the solution would decrease the costs of reinjection, which would guarantee long term sustainability.
To find out what exactly the plugging material is and why does one filter plug one order earlier than the other, samples were taken from the two filters and water samples from any possible locations in the cascade system. Both conservative and modern biological methods were used, which could be used to examine many microbial communities which are not growing during conventional circumstances [11] . the replacement of filters was after 2500-5000 m 3 fluid flowed through.
Materials and Methods

Physical Properties of Each
The problem occurred during the summertime, when the production was about half of the usual. In this period the reinjection well number 1 was operating at constant capacity; however the reinjection well number 2 was used as a complementary system. As the pump of each injection well only switches on above a certain water level in the buffer tank, the residence time of water in buffer tank 2 increased significantly. During such periods filters of the B-1103 well (filter 2) clogged in three hours after filter changing. In this case the temperature of water in the buffer tank was around 34 ∘ C. 1 and 2) , the fibers of each filter were loosened with sterile tweezers and with strong shaking the adsorbed materials were washed into water. After centrifugation total DNA was isolated from the sediment according to [13] . The collected samples were extracted with 800 L of extraction buffer (100 mM Tris-HCl, pH 8.0, 100 mM EDTA, pH 8.0, 1.5 M NaCl, 100 mM sodium phosphate, pH 8.0, and 1% CTAB (cetyltrimethylammonium bromide)). After proper mixing 4.3 L of proteinase K (20.2 mg/mL) was added. All Eppendorf tubes were incubated horizontally at 37 ∘ C with shaking for 45 minutes; after that 160 L of 20% SDS (sodium dodecyl sulfate) was added and mixed by inversion of several times with further incubation at 60 ∘ C for 1 hour. The samples in each Eppendorf tube were mixed thoroughly after 15-minute interval. The samples were centrifuged at 13300 rpm for 5 minutes. The supernatant was transferred into new Eppendorf tubes. The remaining pellets were treated with the extraction buffer, as before. After centrifugation the new supernatant was put together with the previous one. All extractions were mixed with equal quantity of phenol : chloroform : isoamyl alcohol (in the ratio of 25 : 24 : 1) and extracted three times.
Chemical Composition of the Thermal
Aqueous layer was separated and precipitated with 0.7 (v/v)% isopropanol (at room temperature). After centrifugation at 13300 rpm for 15 minutes, the DNA pellet was washed with 900 L of 70% ethanol, dried at 30 ∘ C in vacuum centrifuge, and was dissolved in 60 L of TE (10 mM TrisHCl, 1 mM EDTA, pH 8.0). Its quantity was determined in a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Washington, USA). DNA purity was tested by agarose gel electrophoresis. This method yielded a pure (A260/A280 = 1.8) and sufficient amount of total metagenomic DNA. From the DNA samples in vitro fragment library was made according to the protocol of Life Technologies Ion Xpress Plus Fragment Library Kit. The Ion Torrent Personal Genome Machine6 generated 242,683 and 217,150 reads using Ion 318 chip. The sequence reads were analyzed by the MG-RAST server [14] . By this method, the microbial composition of each filter was determined.
Localization of the Bacteria's Appearance.
Presumably, the higher numbers of bacteria in the second system were able to much faster clog filter 2. We collected thermal water samples from different places of the pipe system of the second reinjection well in order to determine the appearance of the bacteria. The water samples were streaked onto LB agar plates and incubated at 30 ∘ C under aerobic conditions. Consequently, this method can only be used to obtain approximate results regarding the number of bacteria at certain points of the system that are able to grow under these circumstances [15] .
Results and Discussion
The chemical water analysis showed that the composition of the two wells' water is significantly different. The quickly clogged system's water includes two times more phenol and BTEX compounds than the other system's water and ten times more volatile petroleum hydrocarbon (Table 1 ) [15] . The high concentration of aromatic compounds may facilitate the overgrowth of aromatic compound degrading bacteria. According to the results of the metagenomic sequencing, in case of system 1, there were no particularly dominant bacteria species; the dispersion of bacteria is fairly even. The most abundant species on filter 1 were from Erythrobacter (4,9%), Burkholderia (4,3%), Methylibium (2,9%), Pseudomonas (2,9%), Acidovorax (2,2%), and Leptothrix (2,2%) genera. The diversity of bacteria on the filter of the quickly clogged system (number 2) is significantly lower than that of filter 1 [16] . On filter 2, the most dominant genus was Magnetospirillum (42%). There were also species from the Dechloromonas (6,8%), Rhodospirillum (3,4%), Candidatus Accumulibacter (1,9%), Pseudomonas (1,8%), Azoarcus (1,7%), Burkholderia (1,5%), and Thauera (1,5%) genera ( Figure 5 ).
Overwhelming occurrence of the Magnetospirillum genus on filter 2 may be surprising; however the sequencing resulted in more than 200,000 good quality reads and the identity of the Magnetospirillum sequences is 99,84% compared to sequences in the M5RNA database; thus this is a reliable result of the data analysis. 
The members of this group (besides Azoarcus and Thauera genera) are such denitrificans which are able to degrade aromatic compounds [17] . Having magnetosomes (organelles which contain magnetite crystals surrounded by membrane), which are organized into chains and help to orient in geomagnetic field, is also typical of them [18] . Chakraborty et al. showed that Dechloromonas RCB strains are able to break down benzene toluene ethylbenzene and xylene [19] . Members of the Rhodospirillum genus are also capable of using aromatic compounds as food sources [19, 20] . Azoarcus and Thauera genera have the ability to degrade BTEX compounds [21] . Different kinds of aromatic components can be degrading by many members of the Burkholderia genus which makes them suitable for biotechnological applications [22] . Many polycyclic aromatic hydrocarbons-(PAHs-) degrading Pseudomonas sp. bacteria have been found to be able to produce biosurfactants [23] [24] [25] . Candidatus Accumulibacter populations hydrolyze polyphosphate under anaerobic conditions, while under aerobic conditions they produce polyphosphate which can accumulate in the cells. This process can be utilized for microbiological phosphorous removal from wastewater [26] .
Examination of thermal water samples from different points of the second reinjection well system by microbiological test on LB plates revealed the appearance of the bacteria. The test determined that most of the bacteria appeared in the buffer tank and they were also present after the tank, before the filter, but in much smaller quantities.
Conclusions
The water chemistry analysis showed that the thermal water of the second system is contaminated by phenolic, aromatic, BTEX compounds. Metagenomics revealed the microbial community composition on the filters and found enormous differences between them on the two filters of the two reinjection system. Namely, on filter 2 some bacteria have been found particularly abundant compared to filter 1. The microbiological test clarified the bacteria appearance in the reinjection well system. Three different groups of bacteria such as hydrocarbondegrading and biofilm-producing microorganisms (Azoarcus, Leptothrix [27] . According to [28] iron acquisition may be coupled with Fe 3+ reduction, which is needed during intracellular magnetite synthetization. The exact mechanism is unknown [29] .
These types of bacteria were mostly inhabited on filter 2. Likely, the presence of these certain bacteria is responsible for the fast clogging of the filter in case of the second reinjection system. As filter 2 clogged after three hours of the filter changing (the sampling from the filters was carried out after three hours), this fact makes it susceptible to believe that this little time is probably not enough for building massive biofilm directly on the filter. From the results of the microbiological test of the thermal water the appearance of the bacteria in the buffer tank was supposed. These bacteria in the buffer tank can be washed out and settle on the filter as a clogging agent. The occurrence of stagnant water zones and a warm (34 ∘ C) used thermal water temperature in a buffer tank create favorable conditions for bacteria to overgrow.
During the year, depending of the demand, the temperature of the reinjected fluid has a large fluctuation. Also, as the samples were taken from the buffer tank, at the recorded temperature, this temperature may be different at various locations of the system. Therefore, it is possible that, due to variance in temperature, in the buffer tank of the reinjection system the circumstances can be optimal for the growth of Magnetospirillum species [30] . These species may also have tolerance to higher temperature, so the temperature is not a very strict limitation parameter [31] .
The thermal water contamination (high COD, phenol index, and BTEX) in this low flow area contributes to the feeding and overgrowth of certain bacteria (especially Magnetospirillum sp.). Overgrowth of these bacteria may cause formation of clogging biofilms on the buffer tank surfaces. In spite of the fact that these bacteria have this unfavorable clogging effect on the filters, on the other hand, they can also play a role beneficially in the contaminated thermal water treatment and this property may be exploitable. In the first system the thermal water does not contain such a level of contamination and these extremely abundant bacteria were not detected. It can probably explain why the first reinjection system is free from clogging problems.
Reducing the residence time of the water in the buffer tank and optimizing the size of the buffer tank in order to bypass the stagnant zones, besides disinfecting water in the tank (by UV or ozone), may solve the problem. In the future the water chemistry in the reinjection system designing should be taken into consideration and in case of contaminated water emergence of bacteria can be expected.
